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Poly(methyl methacrylate) supported isoxazolinium chromate and chlorochromate have been developed as a new
class of regenerable solid phase reagents for oxidation of alcohols. The reagents are prepared by a series of polymer
analogous reactions starting from 2% divinylbenzene (DYB), ethyleneglycol dimethacrylate (EGDMA) and NN'-
methylene-bis-acrylarnide (NN'MBA) crosslinked poly(methyl methacrylate) resins. NN'MBA crosslinked resin is
found to possess higher functional group capacity, and reactivity in terms of reaction period and product yield. These
reagents are found to oxidise primary and secondary alcohols to the corresponding carbonyl compounds in high yields.
A polymer supported organic reagent can provide
an effective alternative to its low molecular weight
counterpart if its design is such that it allows easier
isolation of the desired product after the reaction, and
if the polymeric byproduct can be regenerated and
recycled for further use. A number of reactive species
have been attached to polymeric supports based on
this idea and have been successfully used in organic
synthesis+". The binding of a functional group to a
polymer chain generally results in a new reagent with
different structure, reactivity and selectivity'<".
This paper describes the development of
crosslinked PMMA supported isoxazolinium Cr(VI)
reagents for oxidation of alcohols. Many Cr(VI)
oxidising reagents including neutral!" and ionic II
complexes with nitrogen heterocycles are well
known. Even though, these oxidising reagents have
many advantages, they all suffer from several draw-
backs: (a) tedious recovery of the oxidation product
from the precipitated or colloidal Cr(lll) and/or
Cr(VI) oxides, (b) nitrogen heterocyclic compound
used as a coreagent is never recovered, and (c) chro-
mium is carcenogenic at any stage of its oxidation'{.
But when these reagents were anchored to an insol-
uble polymer support, it was expected to eliminate




Synthesis and Characterisation of the Reagents
Copolymers of methyl methacrylate (MMA) with
DVB (la) and EGDMA (lb) (2% crosslinked) were
prepared by suspension polymerisation technique,
while MMA-NN'MBA copolymer (Ic) by solution
polymerisation. The ester group of the resins la, lb
and Ic were converted to the 1,3-diketo function by
Claisen condensation reaction with acetophenone
and sodium ethoxide (Scheme I). The 1,3-diketo
resin 2a, 2b and 2e were tautomeric products as
evidenced from IR spectral data. The observed OH
stretching frequencies were low; the IR spectra
showed enol absorption band at 2900 cm'. The ab-
sorption band at 1670-1690 em -I was assigned to
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Table I -- Oxidation reactions using DYB-crosslinked PMMAsupported isoxazolinium chromate and chlorochromate resins
Alcohol" Reaction period? (hr) Product" Isolated yield (%) rn.p.zb.p
Resin 5a Resin 6a Resin 5a Resin 6a (0C)
Benzoin 36 33 Benzil 78 80 95
Benzhydrol 40 39 Benzophenone 75 77 49
Benzyl alcohol 44 42 Benzaldehyde 72 75 ( 179)
n--Butanol 42 41 n-Butyraldehyde 70 71 (75)
Cholesterol 43 41 t:,5 -Cholestenone 71 72 85
p-Nitrobenzyl alcohol 47 46 p-Nitrobenzaldehyde 73 70 58
a-Phenylethanol 43 41 Acetophenone 74 71 (202)
p-Methylbenzyl alcohol 41 40 p-Methylbenzaldehyde 70 70 (205)
cis-I,2-Cyclo-hexanediol 36 34 2-Hydroxycyclohexanone 75 76 \05
p-Methoxy-a- 41 39 p- Methoxyacetophenone 83 82 39
pheny lethanol
a Solvent chloroform; temperature 30°C; resin to alcohol ratio 2: I.
bIndudes period for preswelling also.
"Products characterised by comparison with authentic samples (lR and m.p/b.p.)
Table II -- Oxidation of alcohols using EGDMA crosslinked PMMA supported isoxazolinium chromate and chlorochromate resin
Alcohol" Reaction period'' (hr) Product" Isolated yield (%) rn.p.zb.p
Resin 5b Resin 6b Resin 5b Resin 6b
(0C)
Benzoin 34 32 Benzil 80 81 95
Benzhydrol 39 37 Benzophenone 77 75 49
Benzyl alcohol 43 41 Benzaldehyde 75 74 ( 179)
p-Butanol 41 40 n-Butyraldehyde 78 76 (75)
Cholesterol 42 40 t:,5-Cholestenone 75 73 85
p-Nitrobenzyl alcohol 46 44 p-Nitrobenzaldehyde 76 71 58
a-Phenylethanol 42 40 Acetophenone 73 72 (202)
p-Methylbenzyl alcohol 40 38 p-Methylbenzaldehyde 81 80 (205)
cis-I, 2-cyclohexanediol 35 33 2-Hydroxycyclo hexanone 80 82 105
p-Methoxy-a- 41 38 p-Methoxyacetophenone 82 84 39
phenylethanol
aResin to alcohol ratio2: 1; solvent chloroform: temperature, 30°C.
blncludes period for preswelling also
cCharacterised by comparison with authentic samples.
O=O. .H and C=C stretching vibrations, charac-
teristic of cyclic intramolecular hydrogen bonded
molecules. The absorption bands at 1700-1740 em"
were assigned to the two C=O stretching vibrations
of the keto form. The enol capacity was determined
by acetylation method and was found to be 60, 68
and 70% for resins 2a, 2b and 2c, respectively. The
1,3-diketo resin was then converted to the isoxazole
resin (3a, 3b, 3c) by treatment with hydroxylamine
hydrochloride in the presence of pyridine. The for-
mation of isoxazole resin was supported by nitrogen
estimation and the occurrence of strong bands at 1630
ern" (C=N str) and 1650 ern" (C=C str). The isoxa-
zole resin was then quaternised with CH31 in acetoni-
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Table III -- Oxidation of alcohols using NN'MBA crosslinked PMMA supported
isoxazolinium chromate and chlorochromate reagents
Alcohola Reaction period'{hr) Product" Isolated yield (%) ~t)!b·P
Sc 6c Sc 6c ,,
Benzoin 33 31 Benzil 82 83 95
Benzhydrol 38 36 Benzophenone 80 81 49
Benzyl alcohol 42 40 Benzaldehyde 78 79 (179)
n-ButailOl 40 39 n-Butyraldehyde 78 78 (75)
Cholesterol 41 40 6.5-Cholestenone 75 76 85
p-Nitrobenzyl alcohol 45 43 p-Nitrobenzaldehyde 73 75 58
a-Phenylethanol 42 40 Acetophenone 76 78 (202)
cis-I, 2-Cyclohex- 34 32 2-Hydroxycyclo- 81 84 105
anediol hexanone
p-Methoxy-a- 40 38 p- Methoxyaceto- 80 82 39
phenylethanol phenone
aSolvent, chloroform; temperature, 30°C, resin to alcohol ratio, 2: 1
bIncludes period for preswelling also.
"Products characterised by comparison with authentic samples (IR and m.p/b.p)
Table IV -- Oxidation of benzoin in various solvents using isoxazolinium chromate resins


































tri Ie as the solvent. The quaternised resin (4a, 4b, 4c)
was characterised by IR absorption bands at 2900
cm-! (N-CH3 str). The capacity of r ion was esti-
mated by treatment of the resin with AgN03 followed
by determination of the displaced iodide as silver
iodide. The capacities were found to be 1.2, 2.0 and
2.2 meq/g respectively for resins 4a, 4b and 4c,
respectively. The isoxazolinium iodide resin was
converted to the isoxazolinium chromate resin (Sa,
5b, 5c) by reaction with er03 in water-acetonitrile
mixture. The resin showed peaks at 2900 (N-CH3
str), 980, 845, 745 em" (HCrO-4 str). The chromate
capacity estimated by iodometric titration was found
to be 1.1, 1.2 and 1.3 meq/g respectively for Sa, Sb
and Sc. Treatment of the isoxazole resin with Cr03
and cone. HCI in water-acetonitrile mixture resulted
in the formation of isoxazolinium chlorochromate
resin (6a, 6b, 6c) (Scheme I). The resin showed peaks
at 3100 (N-H str), 980, 840, 750 ern" (CICrO-3). The
capacity estimated by iodometric titration was found
to be 1.2, 1.3 and 1.4 meq/g respectively for 6a, 6b
and 6c.
The extent offunctionalisation in the case ofEG-
DMA and NN'MBA crosslinked resins was found to
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"Resin to alcohol ratio, 2: I; solvent, chloroform
Table VI -- Oxidation of benzoin using PMMA supported isoxazolinium chromate with different resin to substrate ratios
% Conversion of benzil after 10 hr"
Molar ratio 5a 5b 5c
1:1 16 20 23
1:2 25 29 31
1:3 32 34 37
1:4 37 41 43
1:5 42 47 50
3Solvent, chloroform; temperature, 30°C.
Table VII -- Effect of catalyst on the extent of oxidation using PMMA supported isoxazolinium chromates
Period for maximum conversion (hr)3
Catalyst 5a 5b 5c
2NH2S04 29 27 26
CH3COOH 30 28 27
H2O 33 31 30
No catalyst 36 34 33
3Alcohol, benzoin; solvent, chloroform; temperature, 30°C.
Table VIII -- Regeneration ofPMMA supported isoxazolinium chromate resin
No. of Capacity (meq.g) Isolated yield (%)3
cycles
5a 5b 5c 5a 5b 5c
1 1.1 1.2 1.4 78 80 82
2 1.0 1.0 1.3 75 76 80
3 0.9 0.9 1.2 73 73 78
4 0.8 0.9 1.2 71 73 78
5 0.8 0.8 1.1 71 71 75
"Alcohol, benzoin; solvent, chloroform; resin to alcohol ratio, 2:1.
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be higher than that of DVB crosslinked one. The
higher extent of functionalisation in the case of EG-
DMA and NN'MBA crosslinked PMMA system was
due to the presence of flexible and polar crosslinked
EGDMA and NN'MBA which makes the polymer
capable of imbibing comparatively large amount of
solvents than the DVB-crosslinked PMMA, thereby
keeping the gel network more expanded so that the
functional groups are more exposed to the continuous
phase.
Oxidation of Alcohols
The chromate and chlorochromate resins were
found to oxidise alcohols to carbonyl compounds in
high yields. The details of the oxidation reactions are
presented in Tables I, II and Ill. The oxidation con-
ditions involved shaking of the solution ofthe alcohol
in a suitable solvent with a two-fold molar excess of
the polymeric reagent at room temperature. The re-
actions were followed by TLC. The reaction mixture
was filtered, the resin washed with a little more of the
solvent, and the combined filtrate and washings were
dried over anhydrous CaCh and the solvent was
evaporated to get the product.
A marked dependence of the extent of oxidation
on the structure of the substrate was noted. Oxidation
of a-phenylethanol gave 74% of acetophenone
within 43 hr whereas p-methoxy-a-phenylethanol
gave 83% yield within 41 hr using DVB-crosslinked
PMMA supported isoxazolinium chromate reagent.
Isoxazolinium chlorochromate resin was found to be
much efficient in terms of reaction period and prod-
uct yield. The enhanced reactivity of chlorochromate
reagent can be due to the less basic character of the
complexing anion bound to chromium in the case of
chlorochromate ion than that bound to chromium in
chromate ion 13.
It is clear that the period required for completion
of the reaction was slightly reduced in the case ofN,
N'MBA crosslinked reagent when compared to the
EGDMA or DVB crosslinked PMMA supported re-
agents. The presence of hydrophilic and flexible
N,N'MBA in the polymer matrix which reduced
regidity of the system and hence enhanced the swel-
ling property might be the reason for increased reac-
tivity of N,N'MBA crosslinked PMMA supported
specIes.
Effect of reaction parameters on the extent of
oxidations. The various reaction parameters to be
773
considered in optimising an effective polymer sup-
ported oxidation reaction are the nature of the sol-
vent, temperature, catalyst and molar concentration
of the reagent.
The systematic investigation of the effect of sol-
vent on the oxidation reaction using PMMA sup-
ported chromate resins reveals that acetonitrile is the
most effective solvent. The oxidation reaction was
carried out in a series of solvents with varying polar-
ity. Oxidation of benzoin with PMMA supported
isoxazolinium chromate in 1:2 ratio was carried out
in dichloromethane, THF, chloroform, dioxane, ben-
zene, acetonitrile and cycIohexane. The results are
given in Table IV.
The period for maximum conversion was found to
be minimum in acetonitrile. The introduction of
polar chromate group on to the polymer matrix in-
creases its hydrophilic character. Therefore it
showed affinity towards a more polar solvent like
acetonitrile.
The oxidation reaction of benzoin with PMMA
supported isoxazolinium chromate reagents in 1:2
ratio was carried out in chloroform at diffetent tem-
peratures ranging from 20° to 60°C. The results are
presented in Table V.
As the temperature was increased, the extent of
reaction was found to increase. At elevated tempera-
ture, more penetration of the solvent and diffusion of
soluble substrates into the polymeric matrix are pos-
sible thereby facilitating the reactions.
The oxidation reaction using PMMA supported
isoxazolinium chromate was found to be dependent
on the effective concentration of the reagent function.
To study the dependence of the reativity of oxidis-
ing function on their effective concentration, the
oxidation reaction with benzoin was conducted at
30°C in chloroform at different reagent to substrate
ratios. In the present study, the relative con centra-
tionsinvestigatedwere 1:1,2:1,3:1,4:1 and5:1. The
percentage conversion after 10hr was determined.
The results are given in Table VI. Thus, with an
increase in resin to alcohol ratio, there was a corre-
sponding increase in the percentage yield ofbenzil.
The presence of small amounts of acids is also
found to have pronounced effect on the rate of the
oxidation reactions. The oxidation of benzoin was
carried out with the addition of a few drops of glacial
acetic acid in one case, in the second case with H2S04
(2N), third case with few drops of water and finally
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without any catalyst. The period for maximum con-
version was found out "ineach case and results are
given in Table VII.
The polymeric by-product obtained after the oxi-
dation reactions could be converted to the original
isoxazolinium chromate resin by washingwith alco-
holic KOH solution followed by treatment with Cr03
in acetonitrile-water mixture. The regenerated resins
were found to be equally good in oxidising alcohols
as in the original case. The change in capacity of the
resins and the extent of conversion in the course of
recyclisation steps are presented in Table VIII.
The foregoing observations indicate that PMMA
supported isoxazolinium Cr(VI) reagents fulfil the
requirements of an effective polymeric oxidising
agent suitable for the selective oxidation of alcohols.
The reagents have the advantages of operational sim-
plicity, selectivity and recyclability.
Experimental Section
General. Solvents used were reagent grade and were
purified according to literature procedures. Mi~
croanalyses were performed at the Regional Sophis-
ticated Instrumentation Centre, Indian Institute of
Technology, Madras. IR spectra were recorded on a
Perkin-Elmer 397 spectrometer using KBr pellets.
Thin layer chromatography (TLC) was performed on
precoated silica gel plates. DVB, EGDMA and
NN'MBA crosslinked PMMA were prepared accord-
ing to reported procedures.
Poly(methyl methacrylate) bound 1,3-diketones.
The poly(methyl methacrylate) resin (10g), pres-
wollen in acetonitrile (20 ml), was heated with ace-
tophenone (20 mL) and sodium ethoxide (5 g) at the
refluxing temperature for 12hr. Finally, the reaction
mixture was cooled in an icebath, acidified with
sulphuric acid (2N, 20 mL) solution. The product
resin was collected by filtration, washed with water,
ethanol and acetone (20 mlx3 times each) and dried.
in vacuum to constant weight, yield 10.8 g, 11.1 g and
11.3 g, respectively for resins 2a, 2b, and 2c.
Poly(methyl methacrylate) bound isoxazoles.
Poly(methyl methacrylate) supported 1,3-diketone
(lOg), preswollen in acetonitrile (20 mL), was stirred
with hydroxylamine hydrochloride (8g) in the pres-
ence of pyridine (10 mL) to reflux for 12hr. The
mixture was cooled to room temperature, and water
(10 mL) added to it. It was then filtered at the pump,
washed with water, acetonitrile, ethanol and acetone
(20 mL x 3 times each), dried and weighed, yield
10.6g, lO.4g and 1O.3g respectively for resins 3a, 3b
and 3c.
Quaternisation of polymeric isoxazole resin. Poly-
meric isoxazole resin (lOg), preswollen in acetoni-
trile (20 mL), was reacted with methyl iodide(l 0 ml.)'
at the refluxing temperature for 10 hr. After the
reaction was over the mixture was filtered, washed
with water, ethanol and acetone (20 mL x 3 times
each), dried and weighed, yield 10.8g, 10.7g, 10.9g
respectively for resins 4a, 4b and 4c.
Poly(methyl methacrylate) bound isoxazolinium
chromate resins. Quaternised polymeric isoxazole
resin (lOg), preswollen in acetonitrile (l0 mL), was
stirred at 30°C with Cr03 (3g) dissolved in water (10
mL) for a period of 10hr. The resin was fiItered and
washed with distilled water until the filtrate was
clear. It was then washed with acetone, dried and
weighed, yield 9.8g, 9.9g, 10.lg respectively for
resins 5a, 5b and 5c.
Poly(methyl methacrylate) based isoxazolinium
chlorochromate resin. Polymeric isoxazole resin
(lOg), preswollen in acetonitrile (20 mL), was sus-
pended in acetonitrile-water mixture (l: 1 v/v) (20
mL), and Cr03 (4g) and cone. HCI (l0 mL) were then
added. The mixture was stirred at room temperature
for 10hr and filtered. The resultant resin was washed
with distilled water until the filtrate was clear. Finally
it was washed with acetone (l0 mL) and dried, yield
9.6g, 9.7g and 9.9g for resins 6a, 6b and 6c respec-
tively.
Oxidation reaction using PMMA-based isoxa-
zolinium chromate and chlorochromate resin.
The alcohol (1mmole) was dissolved in chloroform
(10 mL). A two-fold molar excess of the polymeric
reagent was added and the reaction mixture stirred.
The reaction was followed by TLC. After the com-
pletion of the reaction, resin was filtered and washed
with chloroform. The combined filtrate and wash-
ings on evaporation of the solvent afforded the cor-
responding carbonyl compound. The products were
indentified and characterised by comparison
(m.p/b.p and IR) with authentic samples.
Recycling of poly(methyl methacrylate) based
isoxazolinium chromate and chlorochromate res-
ins. The spent polymeric reagents collected from
different oxidation reactions were treated with alco-
holic KOH solution to remove the unreacted chro-
mate and chlorochromate function, filtered and
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washed successively with chloroform, methylene
chloride, THF, methanol and acetone (20 mL x 3
times each) and dried in vacuum. The dried resin was
refunctionalised as described earlier.
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